ABSTRACT
. The dengue virus belongs to the Flavivirus genus, and its genome contains a single-strand positive RNA molecule 12 14 . There are four dengue virus serotypes, which are designated DENV-1, DENV-2, DENV-3 and DENV-4 on the basis of their antigenic characteristics 1 19 20 . Dengue virus infections produce a range of clinical manifestations, going from asymptomatic and mild symptomatic infections known as dengue fever (DF), to severe disease that frequently has a lethal outcome and is known as dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) 7 13 16 . The epidemiological situation of the Central, Southern and Caribbean areas of the Americas now resembles that of Southeast Asia, with over one million DF cases in 2002 and more than 30 countries affected. In the same year, DHF occurred in more than 20 Latin American countries with 17,000 cases including 225 fatalities 8 . In Brazil, while suspected clinical DF cases had previously been recorded, the first dengue outbreak with laboratory confirmation occurred in 1981, in Boa Vista (northern Amazon area), with detection of DENV-1 and DENV-4 serotypes, probably derived from the neighboring Venezuelan endemic areas. However, widespread dissemination of DENV-1 only began after its first occurrence in Rio de Janeiro (southeastern Brazil), in 1986, when some urban areas in the Northeast were also affected 18 . Rondônia State, in the western area of the Brazilian Amazon region, with 1,130,847 inhabitants 11 , has a strategic situation for the propagation of dengue viruses for a variety of reasons. It is situated in a tropical area and has an extensive border with Bolivia. In addition, the State of Rondônia is an important intersection point for river and roads transportation routes that connect with southern and central areas of Brazil and Bolivia. These have made it possible for new infectious agents to be imported, including different dengue serotypes. Over recent decades, the State of Rondônia has received hundreds of thousands of migrants from several regions of Brazil, and many of the state's inhabitants habitually travel back and forth to places where dengue outbreaks occur. Porto Velho, the state capital, with 373,917 inhabitants 11 is in a particularly sensitive situation, principally because of the presence of a river port that receives most of the grain production from the central-western region of Brazil, for export to Europe and North America. The BR364 highway that connects Porto Velho to the central and southern states of Brazil has heavy traffic of trucks and buses, and the port area is known as an important stopover point for truck drivers and passengers coming or going to Manaus in the north or to Mato Grosso in the east. Finally, Porto Velho has a very poor sanitation system, which favors mosquito breeding in all outlying areas of the city.
The first dengue outbreak in Porto Velho occurred in 1999 but no serotyping of the dengue virus responsible was established. Table 1 . Both of these clinical units are situated on the periphery of Porto Velho. Patients were invited to participate in the survey, and when they accepted the invitation, they signed an informed consent document for their participation that had been drawn up by the Ethics Committee of CEPEM. One blood sample was collected from each of the participants. Sample collection and virus isolation. Blood samples of 5ml were collected in dry tubes from each patient and left at 37°C for approximately 30 minutes, for clot formation. One hundred microliters of serum was diluted tenfold in Leibowitz-15 tissue culture medium and inoculated into C6/36 (Aedes albopictus) cell monolayers in 24-well plates, one well for each patient. The excess serum was stored in a freezer at -70°C. The cells were cultivated in Leibowitz L-15 medium containing 10% fetal calf serum and an antibiotic-antimycotic solution (Invitrogen). Positive controls were prepared using C6/36 cells infected with dengue virus type 1 (Mochizuki strain), and the negative controls were C6/C36 cells that were kept uninfected. After inoculation, the microplates were incubated at 28°C for 7 days 4 17 . The viral infection was confirmed by the indirect immunofluorescence (IF) technique using dengue polyclonal specific antibodies that were kindly provided by Dr Vincent Deubel of the Pasteur Institute.
RNA extraction. RNA was extracted from the infected C6/ C36 cell culture supernatants by the TRIzol method 5 with slight modifications 3 , as follows: 500μl of the samples were mixed with 750μl of TRIzol® and agitated vigorously in a vortex. After incubation of the mixture for five minutes at room temperature, 150μl of chloroform was added and the mixture was agitated gently for 15 seconds and centrifuged at 12,000rpm for 15 minutes at 4°C. The RNA present in the upper aqueous phase was precipitated with 500μl of propanol alcohol and centrifuged at 14,000rpm for 10 minutes at 4°C. The propanol alcohol was discarded and the precipitated RNA was washed with 500μl of 75% ethanol and centrifuged at 14,000rpm for five minutes at 4°C. The excess ethanol was removed and the sediment was dried in a concentrator (Eppendorf, Germany). The RNA was suspended in 50μl of DEPC water and stored at -70°C.
Reverse transcription-polymerase chain reaction. For the reverse transcription, 5μl of the RNA extracts were added to a solution containing 3μg of the hexamer primer pd(N) 6 (Invitrogen, USA) and 10mM of dNTPs (Invitrogen, USA). The sample was heated at 65°C for five minutes, and 4μl of 5X buffer, 2μl of DTT 0.1M, 10U/μl of RNase inhibitor and 200U/μl of SuperScript TM (Invitrogen, USA) were added to the solution, which had a final volume of 20μl. The mixture was incubated at 42°C for one hour and, finally, incubated at 70°C for 10 minutes in order to denature the reverse transcriptase.
For the polymerase chain reaction, 4μl of the cDNA were mixed with 50pmol of the AD3 and AD4 universal dengue primers that anneal to the NS1 gene of the virus 9 , and with 0.1mM of dNTPs, 1U of Taq DNA-polymerase (Invitrogen, USA), 5μl of 10x buffer and 42μl of distilled water. The cDNA was denatured at 94°C for five minutes, and the mixture was subjected to 35 thermal cycles of 94°C for one minute, 55°C for one minute and 72°C for one minute. The amplicons were detected after electrophoresis on 1.5% agarose gel stained with 1μg/ml of ethidium bromide and viewed under UV light.
Assays with restriction enzyme. To characterize the dengue virus serotype 1, treatment with Kpn I was carried out, which promotes amplicon digestion in two fragments of 164bp and 256bp. Kpn I does not digest amplicons of dengue virus serotypes 2, 3 and 4. To characterize the dengue virus serotype 2, treatment with Hind III was carried out, which allows amplicon digestion in two fragments of 194 bp and 226 bp. Hind III does not digest amplicons of dengue virus serotypes 1, 3 or 4 3 . For digestion, the mixture included 8µl of PCR product containing amplicons, 10U/µl of the restriction enzyme and 1µl of buffer 10x (Invitrogen, USA). The mixture was incubated at 40°C for 3h. After incubation, the amplicon digestion products were electrophorized on 2.5% agarose gel stained with 1μg/ml of ethidium bromide and were then analyzed under UV light.
Cloning and sequencing of NS1 samples. For cloning and sequencing the NS1 gene of dengue virus type 1 from isolated samples, two pairs of primers were designed using the Edit Sequence of the DNA Star package. The first pair, named NS1-1, amplified one fragment of 498bp corresponding to the N terminal portion and a second pair named NS1-2 amplified one fragment of 558bp corresponding to the C terminal portion. For this experiment, three dengue virus amplicons derived from three different patients were cloned in pGEM® T easy vector, in accordance with the manufacturer's instructions. The sequencing of the primers is shown in Table 1 .
The amplicons obtained by cloning with NS1-1 and NS1-2 pairs of primers were directly sequenced in an ABI PRISM 310 Genetic Analyzer (PE Biosynthesis, USA) using the Big Dye Terminator Cycle Sequencing kit (PE Biosynthesis, USA), in conformity with manufacturer's manual. The sequence obtained was subjected to a BLAST search on the NCBI home page, to ensure that the samples isolated were of the dengue virus.
ReSuLTS
Isolation and characterization of dengue virus. Out of the 150 C6/C36 cell cultures inoculated with sera from patients clinically suspected of dengue infection, 70 were positive for dengue virus by immunofluorescence and all of them gave positive RT/PCR results, with generation of the 419bp amplicon, as shown in Figure 1 . Restriction enzyme digestion of amplicons. The amplicons obtained from the 70 virus isolates were subjected to restriction enzyme digestion for characterization of dengue virus serotypes. All samples were characterized as having dengue virus type 1, as shown in Figure 2 . Nucleotide sequencing. One dengue NS1 amplicon from a virus isolated in Porto Velho was selected for nucleotide sequencing. The nucleotide sequence showed high homology with others from Southeast Asia and with previously sequencing, with 98% identification, as shown in Figure 3 . 
DISCuSSIoN
Dengue virus serotyping and characterization is important because it enables determination of the origin of a circulating virus and the potential impact of this pathogen on the population. RT-PCR, using universal dengue primers, followed by virus characterization by restriction enzymatic digestion is a quick and sensitive sequence of techniques that can be used for dengue epidemiological surveillance 3 10 . In the present study, these techniques were used to analyze 150 serum samples from clinically suspected patients, which were collected during the epidemics that occurred in the City of Porto Velho from 2001 to 2003. Seventy samples inoculated in C6/36 cell cultures were shown to be positive for the infections, as detected by indirect immune fluorescence, and their corresponding cDNAs were amplified with the primers AD3 and AD4, which were developed by Henchal et al 10 , to produce amplified fragments of the NS1 gene with 419bp 10 . All amplicons from the 70 positive samples were subjected to digestion by the enzymes Kpn I and Hind III for determination of viral serotypes 1 and 2, respectively. Two digestion fragments (256bp and 164bp) were observed for 60 samples corresponding to serotype 1 of the dengue virus. Ten samples were characterized as DENV-1 or DENV-2, and these were probably another circulating type.
The multiple alignment of sequences obtained between dengue type 1 isolated in Rondônia and dengue type 1 isolated in other places in the world (Genbank) and samples sequenced in Rio de Janeiro showed an identity of 98%. This degree of similarity suggests that the virus responsible for the Porto Velho dengue epidemics of 2001-2003 was derived from southern areas of the country and was brought in by people travelling overland. This is, for the moment, the entry route that should be subjected to greater epidemiological surveillance.
